Abstract: Urban rail transit (URT) plays crucial economic, social, and environmental roles and may generate positive externalities that can influence the residential property values (RPVs) in real estate markets. Little attention has been given to exploring the impacts with respect to both the spatial and temporal perspectives. This paper explores the impacts of URT on the RPVs of 480 gated communities with respect to the spatial and temporal dimensions using the hedonic price model and a panel data set from Zhengzhou for 2012-2016. The results show the following: (1) URT does have a significant positive impact on the RPVs in all the selected years from 2012 to 2016, and the influencing strength was a "U-shape" with the increased travel time to the nearest URT stations in most of the selected years. Specially, there is quite some interaction between the temporal and spatial dimensions.
Introduction
Urban rail transit (URT) plays crucial economic, social, and environmental roles. URT improves the accessibility of commuters to workplaces and services and generates positive externalities for the environment due to potential reductions in greenhouse gas emissions [1, 2] . URT has generated a significant substitution effect with private cars as a major transportation mode in Asia, North America, and Europe, especially in China. The URT in China has entered a phase of rapid expansion due to rapid urbanization. As of the end of 2017, 34 total cities in Mainland China have opened URT with a total mileage of 5033 km. In addition, according to the national development plan, in 2020, the total URT mileage in operation will exceed 6000 km, which means a total investment of approximately 49 billion. However, there are still some debates about whether a city should build a URT system when considering its costs and benefits. In most cities, the construction costs of URT are financed by local governments, while the operating costs are provided by the revenues generated from fares. In addition, the URT itself requires high investments and has a long payback period before being profitable, and the URT might increase the financial pressure on the local government and prevent them from investing in other new infrastructure [3, 4] . This problem of developing URT is crucial for most cities, especially for the cities in a developing country such as China. The Urban Rail-based Transit Joint Development (URTJD) could be an important way to solve these problems based on
Literature Review
From a theoretical point of view, Alonso [20] first proposed a single-center model to explain the impacts of urban transport on land rents and the model found that the land rent price decreased as the travel costs measured by travel distance to the city centers. Muth [21] further extended the model by combining the consumer behavior theory proposed by Kelvin and Lancaster [22] , and this model treated housing prices as one kind of household consumption. On this basis, Rosen [23] proposed the hedonic price model (HPM), which indicated that the housing price of such consumption could be expressed as a function of the special combination of its characteristics. In theory, the URT might generate two opposite effects: the positive externalities due to the improved accessibility to URT stations and the negative externalities caused by the increased noise and traffic crime [24] .
Many scholars have empirically explored the relationship between urban transport (especially URT) and surrounding residential property values by taking the housing prices as the primary variable for the travel cost model [25, 26] , the hedonic price model (HPM) [1, 3, 17] , and the Linear Expenditure System [27] . HPM based on the ordinary least squares (OLS) is widely used. However, the previous research uses HPM based on the OLS mainly adopts cross-section data, which can only reveal the effects at the spatial level or time level and cannot consider their interaction effects. Therefore, this paper uses panel data and uses OLS for regression to simulate relevant parameters.
However, the relationship between URT and surrounding RPV is still controversial. Most studies found that the URT might generate positive externalities on RPV, represented by the housing price [3, 16] , while some scholars thought that the impacts of URT on RPV are negative during a certain travel distance due to the increasing problems such as noise, pollution, crowding, public security, and other issues [17, 28] , and the residents' willingness to pay for the rent might decrease [29, 30] . The positive or negative impact might be influenced by the type of transportation system [14, 31] , the type of real estate considered [32] , and so on. Moreover, the influencing strength of URT is quite different in different spatial or temporal dimensions. The spatial dimension means the accessibility of a certain gated community to the nearest URT station. Usually, the closer a gated community is to the URT station, the better the accessibility is. Commonly, the better accessibility might generate a larger demand of department. The higher the demand of the consumer for the apartment, the higher the housing price is. However, at the same time, the closer the gated community is to a URT station, the greater the impact of noise and congestion brought about by the URT. This may reduce consumer demand for housing and payment prices. The combined effect of the positive (accessibility to a rail transit station) and negative effects (air pollution and noise) constitutes the influence of URT on RPV. As an inverted "U-shape" reflects that housing prices first increase, peak at a certain distance, and then decrease along with the travel distance (the Euclidian distance) to the nearest URT station [33] . The influencing scope of URT on housing prices varies with respect to the different lines and the URT in different cities. Al-Mosaind et al. [34] found that housing prices within 500 m of a station were 10.6% higher than those of other regions by exploring the impacts of the MAX light rail system in Portland two years after it opened. Other scholars reported different influencing scopes, such as 1300 m [35] , 1100 m [36] , 500-1000 m [19] , and 1500 m [33] for Diego County in California, Beijing Metro Line 13, Beijing Metro Line 1, Shanghai Metro Line 1, and Nanjing Metro Line 1 and Line 2, respectively. In addition, the influencing strength differs according to the location of the URT. For example, the URT might generate a larger impact on the land value of the central business district and less impact on the suburbs [37] .
In term of the temporal dimensions, it means time periods based on different phases of construction of URT stations, including the planning, construction, and the operating period. Before the opening of rail transit, if consumers have higher expectations of the accessibility of URT, then the demand for an apartment around the URT station is higher, which will push RPVs up. People's expectations of rail transit will change over time, which can explain why the impact of rail transit on surrounding housing prices will change across temporal dimensions. Henneberry [38] found that the surrounding land values increased more when light rail was in the planning stage (1988) than that under construction (1993), while Nie et al. [18] found that the first phase of the Shenzhen Metro might generate negative impacts on housing prices during the construction period, but positive impacts during the operating period. In addition, some Chinese scholars found that the impact of URT on housing price might be no longer significant after operating for two years [39] . Loomis et al. [40] used the changes in the implicit pricing of transit accessibility during the whole project lifecycle to explore the impacts of URT on housing prices in detail.
Our review of the literature shows that the existing literature regarding the impacts of URT on RPVs, as represented by the average housing prices, is largely based on the case studies of cities in developed countries or megacities in developing countries from either the temporal or the spatial dimension. This means that the variations in the urban transportation variables in the spatial dimension are not taken into consideration. Hence, we hypothesize that the influence of URT on RPVs differs with respect to both the temporal and spatial dimensions. Our panel data set allows for the inclusion of both dimensions in the analysis. Thus, in this paper, we take gated communities as a basic research unit and explore both the spatial impacts considering the travel costs (travel time) to URT stations and the temporal impacts using dummy variables of the years from 2012 to 2016.
Model Construction

Sample Description
Zhengzhou, which is one of the provincial capitals as well as eight national central cities in China, is traditionally located at the intersection of the Beijing-Guangzhou transport corridor and the Longhai-Lanxin transport corridor (between Lianyungang, Jiangsu, and Urumqi, Xinjiang). Benefitting from a good location, Zhengzhou has rapidly developed since the reform and opening in 1978. Under China's "One Belt, One Road" initiative, Zhengzhou has been transformed into a major logistics and manufacturing hub on the Silk Road Economic Belt between China and Europe. In 2017, the GDP and population of Zhengzhou respectively ranked seventh and tenth among 28 provincial capitals and four municipalities in China, while the average housing price ranked 15th. That is to say, its housing price rank is lower than the ranks in terms of its population and economic growth, thus indicating that there might be room for housing prices to rise.
The The rapid development of URT in Zhengzhou has raised a fierce debate among users and non-users since its overall profitability is difficult to assess. Additionally, the URT had generated obvious influence on the RPV. Thus, it is significant to explore the relationship between URT and RPV for the policy-makers, users and the operating company of URT in Zhengzhou.
According to the data availability, the first phases of both Line 1 with 20 stations and Line 2 with 22 stations were chosen in this study to explore the impacts of URT on residential property values. Based on previous studies [17, 41] , a radius of 2 km is set as the influencing scope of URT stations. Thus, 480 gated communities located within a range of 2 km to the 42 transit stations were chosen as the study objects in this study, as shown in Figure 1 . A "gated community" is generally located in an urban district and is a residential community or residential area characterized by the enclosed walls and fences. In addition, gated communities strictly control pedestrians, bicycles, and car entrances, and typically include small residential streets and a variety of shared facilities. The apartments in the same gated community are built by one real estate developer who traditionally controls the location and neighborhood characteristics.
The average housing price of each gated community was chosen to reflect the RPV, which was also used by Haizhen Wen [42] and Qingzhi Liu [43] . It is calculated by using the average housing prices of all transaction apartments in it, which is measured using the total transaction prices of all the apartments divided by their total areas. These data can be collected from the Anjuke website.
All apartments located in the selected 480 gated communities are ordinary apartments, not luxury apartments or high-end apartments. Table 1 shows the statistical characteristics of the housing prices in the selected gated communities. These gated communities were randomly chosen in different groups with different total numbers of apartments. According to the statistical characteristics of the housing prices in the selected gated communities, the housing prices of about 0.53-0.90 of the apartments in the same gated communities are between the value of the average price minus (µ − δ) and plus the standard deviation (µ + δ). Additionally, the coefficient of variation (CV, which is the standard deviation divided by the average value) of the housing prices in most gated communities is lower than the coefficient of variation of the average housing price of all gated communities (0.2315). This indicates that the housing prices in one certain gated community are much more concentrated around the average value and the differences among the housing prices in one certain gated community is lower than those between different gated communities. Since there is no gated community that was built after 2013, the average prices per square meter for the second-hand apartments in gated communities were chosen as dependent variables of the model.
In addition, four residential characteristics, namely, URT facilities, construction, neighborhood, and location were used as independent variables. Table 2 lists the variables along with the definition, name, data sources, and symbol for each variable. The details of the four independent variables are as follows.
(1) Regarding the URT facilities, unlike previous studies [16, 17] , the travel time to the nearest URT stations and the dummy of the travel time were introduced in the model to reflect the accessibility to URT. The first is a continuous variable, while the second is a dummy variable. The travel time to the nearest URT station is collected using web crawler technology, which accounts for both the road distance and walking speed.
(2) The residential property values of a gated community are always related to its physical characteristics itself. Since the basic research object of this paper is gated communities, there is no need to consider factors such as the floor levels (low, medium, and high) and the total number of floors of the apartment blocks. When a consumer purchases an apartment, the technological quality, the environment within the community, etc. are usually considered.
Thus, with regard to the construction characteristic variables, the property fee of the community (fee), the total number of households in a gated community (number), the housing age (age) [17, 42] , the greening rate (gre) [44, 45] , and the plot ratio (rate) of the building [46] are taken into account as the control variables in this paper. All of these are continuous variables. It is predicted that the age of the building and the plot ratio both have a negative impact on residential property values, the greening rate might have a positive effect, and there is an unknown relationship between the property fees (fee) and the total numbers of households (number) in the community on the residential property values.
(3) For the variables related to the neighborhood characteristics, the number of supermarkets [47] and banks located within 1000 m of the gated community, the number of bus stations within 500 m, the dummy of whether there are middle schools or primary schools in 1000 m [5, 6] , and a dummy variable measuring whether there is a park/hospital within 1000 m were introduced in the model. All of these variables are predicted to have positive effects on residential property values.
(4) Regarding the location characteristics, the shortest car travel times to Erqi Square (d_27), the central business district (CBD, d_cbd), and the district government (d_c) are introduced in the model. Here, the CBD in Zhengzhou is located in Zhengzhou New District and is named the Zhengdong CBD. The shortest car travel time was calculated using web crawler technology considering the real travel conditions.
The data for the study comprises two parts: (1) a GIS database including the travel distance and travel time to rail transit station, city central, or the other facilities, obtained from the Baidu Openmap website (http://apistore.baidu.com/astore/shopinfo/579.html); (2) the attributes of gated communities, sourced from the Anjuke website (https://zhengzhou.anjuke.com/), which is a leading second-hand trading platform in China. 
is the probability of the housing price of apartments located between the value of the average price minus (µ − δ) and plus the standard deviation (µ + δ). The 
Model and Variable Determination
The hedonic price model defines the residential property in a complex real estate market as a function of its heterogeneous commodity and average housing prices of apartments in one certain gated community [23] . Thus, the HPM is widely used to explore the relationships between the RPVs and the community's physical and environment attributes [48] . 
The hedonic price model defines the residential property in a complex real estate market as a function of its heterogeneous commodity and average housing prices of apartments in one certain gated community [23] . Thus, the HPM is widely used to explore the relationships between the RPVs and the community's physical and environment attributes [48] . There are four widely used forms of the HPM, including the linear Equation (1), the semilog-linear Equations (2) and (3), and the log-linear Equation (4) [17] .
Among these, the linear model (Equation (1)) can only reflect the relationship of the housing price and these characteristics, but not the law of diminishing marginal utility. Equations (3) and (4) quite strictly require that the variables cannot be zero. Compared with Equation (1), Equation (2) can improve heteroscedasticity by reducing the scale of the dependent variable. In comparison with Equations (3) and (4), Equation (2) has no restrictions on whether the variables are zero. Therefore, we chose Equation (2) as the basic equation, and the semilog-linear form of HPM is formulated as follows: where p it represents the average housing price of gated community i in year t; td it represents the travel time from gated community i to the nearest URT station in year t; H it , N it , and L it respectively represents the construction, neighborhood, and location characteristics of gated community i in year t. The second model is an extension of Equation (1) that distinguishes between various travel distance (travel time) categories. In this model, the travel time to the nearest URT station is replaced by indicators reflecting the access to URT stations, which can be used to estimate the impacts of URT on RPVs with respect to spatial dimensions. For modeling purposes, the access to URT stations is implemented using either the dummies based on the travel time to URT stations (e.g., 0-4 min, 4-8 min, 8-12 min, 12-16 min, and >16 min) or the continuous travel time to the nearest URT.
where D includes the spatial dummies of d 1 , d 2 , d 3 , d 4 , and d 5 , as shown in Table 3 . Table 3 . Variables newly added to study the spatial and temporal impacts.
Dummy Characteristic Variable Time Distance to the Nearest URT Station
Spatial dummy With the third model, we explore the impacts of URT on RPV considering only the variables of the temporal dimensions or both the variables of the spatial and temporal dimensions. In this model, the year dummies (as shown in Table 3 ) are introduced in the models to explore the impacts from temporal dimensions. The model can be written as
where Year it represents the time dummy of gated community i in year t. Table 4 shows the regression results using the data in a selected year from 2012 to 2016 at the p = 0.01, 0.05, or 0.1 significance level. In this model, the travel time to the nearest URT is introduced as the dominance of URT. The travel time to the nearest URT station has a negative relationship with RPVs, as reflected by the significantly negative coefficients of "lntd" for the models for 2012-2016. Specifically, the coefficient of "lntd" was −0.007 in 2016, which indicated that when the travel time to the nearest URT station was reduced by 1%, the RPVs around URT stations increased by 0.7%. In addition, after the start of the construction of Line 2, the absolute value of the coefficients of "lntd" gradually decreased from 0.025 in 2013 to 0.020 in 2014, which showed that, at the critical point of construction of URT, it has a greater impact on the surrounding RPVs. Another finding is that the absolute values of the coefficients of "lntd" are −0.025, −0.020, −0033, and −0.007 from 2013 to 2016, respectively. It indicates that the opening of URT has quite a positive influence on RPVs, and will be strongest after two years of operations with the absolute value of the coefficients of "lntd" peaking at 0.033 at the p = 0.01 significance level in 2015, which is different with the result of Gu and Guo (2010) [39] , in which the impact of URT on RPVs might not be significant after two years of operations. Finally, the coefficient of "lntd" was −0.035 in 2012, when the URT system in Zhengzhou is just in the early stages of planning and construction. Based on this, we can infer that in cities where URT construction is just in its infancy, consumers tend to have greater expectations of the positive externalities brought by rail transit and are willing to pay more for it.
Results
General Impacts
With respect to the construction characteristic variables, housing age (age) has a significant negative impact on RPVs, and the influence strength of greening rate (gre) is 0.268, while the plot rate (rate), and the total numbers of households of the gated community (number) have no significant influence on the RPVs in 2016. Specifically, the property management fee (fee) has significantly positive impacts on RPVs in 2012-2014, which is similar to the results by Wen (2015) [42] . That may be because the higher property management fee traditionally means better services for the residents. Commonly, the consumers are more inclined to choose the gated community with better services and facilities, which means a higher demand for the apartment in this community and thus higher RPVs. However, the influencing strength presents a fluctuate decreasing trend during 2012-2016, which also reflects the change in preferences of consumers when choosing a community.
With regard to the neighborhood characteristic variables, the number of bus stations (bus) within 500 m of the gated community, the number of supermarkets (spr) within 1000 m of the gated community, the dummy variable reflecting whether or not there is a middle or primary school (edu) within 1000 m of the gated community, and the dummy variable reflecting whether or not there is a top3 hospital (hos) within 1000 m have positive influences on RPVs. Specifically, if there is a supermarket (spr) or a top3 hospital (hos) within 1000 m, the RPV is expected to respectively be 4.5% or 1.9% higher than otherwise (the seventh column). It could be that the consumers in the real estate markets are much more concerned with the community environment and the convenience of consumption. In addition, the number of banks within 1000 m of the gated community has no significant influence on RPVs from 2014 to 2016. This may be because the emergence of mobile payment methods such as Alipay and WeChat Wallet has changed the way people conduct commerce. Interestingly, the influencing strength of education on housing prices peaked at 0.036 in 2014. The reason might be that the Municipal Education Bureau of Zhengzhou simultaneously submitted strategies to reclassify school districts and choose one top school with the best educational resources in each school district, which largely motivated parents to seize the scarce high-quality education resources for their children. The "school district housing" policy in China, which established a special-purpose district that operates local public primary or secondary schools, has a large influence on the RPVs in real estate markets.
Regarding the location characteristic variables, the travel times to the CBD (lnd_cbd) and the district governments (lnd_c) have significant negative impacts on RPVs. The influencing strength of the travel time to the CBD is greater than that of the travel time to the district governments. Specifically, when the travel time to the CBD is increased by 1%, the RPVs fall by 4.4%, which is line with the actual situation in Zhengzhou. In general, the economic and political activities are mainly concentrated around the local governments of each district, which makes the RPVs there relatively higher. As a regional financial center and international central business district, Zhengdong New District, which is the new CBD in Zhengzhou, is becoming a popular choice for consumers in the real estate markets in the last decade. However, the coefficient of the travel time to Erqi Square (lnd_27) is 0.012, indicating that, for each 1% reduction in the travel time to Erqi Square, the RPVs decrease by 1.2%, which is inconsistent with the predicted outcome. Erqi Square is the old CBD that is located near the Zhengzhou Railway Station, which is a well-known congested area in Zhengzhou that might not be a good choice for the younger generation. The quite different influences of Zhengdong New District and Erqi Square on RPVs also reflect the changes of the urban economic pattern in the process of urbanization in China. Note: ***, **, * denote significance at the 1%, 5%, and 10% levels, respectively.
Spatial Differences
To analyze impacts of URT on RPVs with respect to the spatial differences, this section replaces the continuous travel time variable in Table 4 with the travel time dummy variables (d 1 -d 5 ), which represent the different travel ranges from the gated communities to the nearest URT station (over 16 min as a reference). Table 5 shows the results for the spatial impacts of URT on RPVs regarding the different travel rings from 2012 to 2016. Most of the variables are statistically significant at the 10%, 5%, and 1% levels. All the models in Table 5 have a good fit and a significant F-value.
According to the regression results in Table 5 , the influencing strength of URT was the highest and the second highest for the gated communities located within 4 min and 12-16 min travel time, respectively, in 2012, and 2016. Specifically, the coefficient of the dummy variable of travel time was 0.037 within 0-4 min, 0.021 within 4-8 min, 0.022 within 8-12 min, and 0.034 within 12-16 min in 2016, which indicated that the price ratios of RPVs located at different travel distances to the nearest URT station respectively corresponded to 1.0377, 1.0212, 1.0222, and 1.0346. According to the results in Columns 3 and 4 in Table 5 , the URT had no significant influence on the RPVs located within 4-8 min of the nearest station in both 2012 and 2013, during which the URT system in Zhengzhou is just in the early stages of planning and construction. Additionally, there is no significant influence of URT for the gated communities located within a 0-4 min travel time in 2014 when URT Line 2 was under construction. This might be because it is inevitable that negative externalities will also occur due to noise, pollution, and congestion during the construction periods of both URT Line 1 and Line 2. Comparing the regression results for the variables of the spatial dummy after the URT Line 1 opened, we found that the RPV located within a 0-4 min travel time increased the most in 2013, which was followed by 2015 and 2016. Specifically, the coefficient of the spatial dummy of 0-4 min travel in 2013 was 0.065, which was 1.75 times that in 2015 and 2016. This indicates that the opening of URT lines had the largest influence on RPVs within a 0-4 min travel time. Note: ***, **, * denote significance at the1%, 5% and 10% levels, respectively. Table 6 shows the results for the panel model. According to the results of the Housman test, we cannot reject the null hypothesis at the p = 0.05 significance level that the coefficients that are estimated by the efficient random effects model are the same as the coefficients of the fixed effects model; thus, the random effects model is more appropriate here for the analysis. From the random effects model, the presence of URT lines in Zhengzhou has a positive relationship with the RPVs located around them. According to the results in Column 3 in Table 6 , the coefficients of the time dummy showed an increasing trend, from 0.149 in 2013 to 0.427 in 2016. Similar results could be found in Model 3-2 in Column 4 of Table 6 and Model 3-3 in Column 5 of Table 6 . According to Model 3-2 in Table 6 , in which both the predominance temporal and spatial dimensions were introduced, the travel time to the nearest URT stations also had a negative relationship with RPVs, but the influencing strength for the time dummies in 2013 and 2016 decreased compared with the results of Model 3-1. This indicates that RPVs increased as the travel time to the nearest URT stations decreased and that there was some interaction between the temporal and spatial dimensions. And as shown in Model 3-2 in Table 6 , the RPVs were higher for the gated communities located within a 0-4 min travel time than that within the other travel ranges. Note: ***, **, * denote significance at the 1%, 5%, and 10% levels, respectively.
Spatial-Temporal Impacts
Conclusion and Policy Implementation
This study explores the impacts of URT on RPVs with respect to both the spatial and temporal dimensions using a panel data set of 480 gated communities in Zhengzhou, which is a second-tier city in China from 2012 to 2016. There are three main conclusions. First, URT does have a positive influence on the surrounding RPV, and the influencing strength presents a "U-shape" along with the increased travel time to the nearest URT station in most of the selected years. Specially, there is quite some interaction between the temporal and spatial dimensions. Second, the influencing strength of URT during its early stages of planning and construction was higher than that during the operation periods, which is quite different from previous research that used first-tier cities such as Beijing in China [36, 49] . This may be because consumers in cities that have just entered the stage of rail transit construction often have greater expectations for the positive externalities that the URT can produce. Third, regarding the operation period, the influencing strength reached its peak after two years of the URT line operating, such as in 2015 when the URT Line 1 had been operating for two years.
The results of this study can provide suggestions for policy-makers, real estate developers, and even consumers in real estate markets. For policymakers, first, the central government should accelerate the establishment and improvement of the institutional mechanism and system of URTJD. Second, local governments, especially these second-tier cities that are still in the early stages of rail transit planning and construction, should implement effective dynamic decision-making models that incorporate the land development time, scope, and intensity, which should be consistent with the influence of URT on the surrounding land values (mainly RPVs) across both spatial and temporal dimensions. Specifically, the local government should reserve the suitable land parcels in the early stage of URT planning in order to obtain the maximum added value of the surrounding land. Furthermore, the property that is closely linked to the URT (such as the upper cover development projects) must be simultaneously planned and developed by the rail transit companies in order to capture the value added of the land brought by URT. Meanwhile, when rail transit companies are trying to implement URTJDs, building a supermarket or a mall would be a good choice to improve the land values since it has been proved that a nearby supermarket has the biggest impact on RPVs among the selected neighborhood characteristic variables. (The coefficient of "spr" was 0.045, which means that if there is a supermarket within 1000 m of the gated community, its RPVs will be increased by 4.5%).
With respect to real estate developers, it also provides a reference for them to choose reasonable development time and location, when they try to participate in URTJD. Finally, our research could also provide a reference for consumers in real estate markets about when to buy or where to buy a new apartment in the areas surrounding URT to maximize their social welfare.
Notably, there is still more than one direction in which to enhance this research. In particular, we use the average price of gated communities and not the transaction price of each apartment as the basic research object. In addition, this paper uses the cross-section data and panel data and use OLS regression instead of DID or spatial regression models. In subsequent studies, we will try to collect more housing transaction data in different years and address these limitations, in order to offer more accurate and reliable suggestions on the relationship between URT and real estate markets.
